RTT girls suffer periods of abnormal behavior from early infancy, including irritability and sleep disorders or anxiety in the first years of life, and a more depressed mood after adolescence, all of which influences their quality of life. An association between emotional and behavioral disorders and various neurochemical changes in the synapses of cortical and subcortical brain regions has been established; also, cortisol levels in the blood vary during stress. The main purpose of this study was to improve mood and behavior disorders in RTT patients with venlafaxine (SNRI), and compare the results with citalopram (SSRIs) during 6 -8 weeks, to determine which drug offered greater efficacy and fewer side effects, as well as to compare them to risperidone, and to correlate cortisol levels in saliva with stress and drug response. Eleven patients, aged 5 to 26 years old, agreed to participate in this study; neuropsychological tests (Mullen and Vineland scales), quality of life and quality of sleep scales, blood tests, EKG and EEG were performed before and after treatment. Only 2 patients completed the three months trial. Improvement in mood and behavior was not statistically significant for patients; differences in neurodevelopment and quality of life or sleep scales were not significant either; no serious adverse effects were observed. Cortisol levels in saliva decreased in 50% of the patients after the first month of treatment, although this was not statistically significant.
Introduction
Rett syndrome (RTT) is a neurodevelopment disease which affects 1/10,000 newborn girls. The diagnosis is based on a series con clinical criteria ( Table 1) . The classical form consists of apparently normal development during the first 6 to 12 months of life (Phase 1), followed by global deterioration (Phase 2), with loss of acquired language and purposeful use of hands, onset of hand stereotypes and loss of social interest; clinical stability or even improvement occurs around 4 to 5 years of age (Phase 3) but sometimes further deterioration after adolescence may take place (Phase 4); atypical forms are either clinically milder or more severe than the classical form.
RTT girls suffer periods of abnormal behaviour: during Phase 2 [1, 2] , between 18 months and 3 years of age, irritability, sleep disorders, crying tantrums and loss of social interest appear; during Phase 3, half of these patients develop behavioural disorders: younger girls (5 to 10 years) tend to scream, hit, show anxiety, and exhibit inattention and hyperactive behaviours, and sometimes self-mutilation. Among preadolescents and adolescents (10 -20 years) melancholy, insomnia, loss of appetite, loss of social interest, unexplained screams and signs of depression are more frequent. Anxiety, stress and fear are also commonly seen in young women with RTT. These behaviours interfere not only with the patient's quality of life, but also with therapeutic and educational intervenetions, as well as with their families' day-to-day life. Behavioural changes with age and their management become a challenge for caregivers and physicians.
An association between emotional and behavioural disorders and neuro-biochemical changes in the synapses of cortical and subcortical brain regions has been established. Synaptic function abnormalities contribute to several neuropsychiatric diseases [3, 4] . Several authors sug-gest that dysfunction in brain neurotransmitters in RTT patients involves glutamate [5] [6] [7] , GABA [8] , norepinephrine [9] , serotonin [10] and dopamine [11] . These defects have also been demonstrated in the mouse model for RTT [12] . The primary behaviour alterations in patients with RTT are most likely the result of changes in the monoaminergic systems: treating disruptive behaviours with selective serotonin reuptake inhibitors (SSRI) [13] [14] [15] [16] [17] [18] and serotonin and noradrenaline reuptake inhibitors or SNRI [19] [20] [21] [22] [23] can improve behaviour.
Published data suggest high levels of corticotropine releasing factor (CRF) in mouse models [24] and cortisol blood levels during stress and anxiety [25] [26] [27] .
Measurement of cortisol in oral saliva reveals a wellknown correlation with levels in blood: saliva cortisol levels may be useful as a laboratory parameter of stress, and as a reflection of changes occurring in Neurometabolic Rett syndrome [28] [29] [30] . The main purpose of this study was to improve mood and behaviour disorders in RTT patients with venlafaxine, a reuptake inhibitor of serotonin and norepinephrine (SNRI), and compare the results with citalopram, a selective inhibitor of reuptake inhibitors (SSRIs), in order to determine which drug showed greater efficacy and fewer undesirable side effects. Other purposes of the study were to determine whether the level of salivary cortisol was related to the intensity of mood disorder and drug response; to determine whether the effects of the two drugs were related to age; to determine whether these effects were related to the genotype; to describe what type of altered behaviour was further modified after therapeutic intervention; and to evaluate the putative improvement in the patients' and their families' quality of life after treatment.
The study aimed to confirm the initial hypothesis according to which some improvement would be achieved after treating the behavioural problems of RTT girls with a serotonin reuptake inhibitor.
Material and Methods
Treatment with serotonin reuptake inhibitors was proposed to 15 Spanish RTT patients of Caucasian origin, aged 5 to 26 years of age; they were all controlled at the same hospital and all of them fulfilled the clinical criteria for the classical form of RTT. All patients were clinically evaluated before being included in the study to rule out other medical problems that might cause alterations in mood or behaviour, such as severe reflux or esophagitis, fractures, gallbladder problems, severe constipation, spasms, severe dystonia, uncontrolled seizures, dental problems or other medical problems.
Informed consent was obtained from the families in accordance with the hospital ethics committee.
Inclusion and Exclusion Criteria
• Inclusion criteria were: -major disruptive behaviours that did not respond to previous treatments -absence of medical problems recognized as responsible for the abnormal behaviour
• Exclusion criteria were: -uncontrolled epilepsy (seizures in the previous 6 months)
-serious medical problems, causing pain and discomfort -QT corrected segment (QTc) greater than 440 ms on the electrocardiogram (EKG)
Patients were evaluated with several neurodevelopment and behaviour scales, and quality of life and sleep scales were used for their families and caregivers. avoid potential undesirable effects. The trial with the two drugs lasted three months. Slow increase titration is summarised in Table 2 .
In case of lower therapeutic effect than expected, introduction a new-generation neuroleptic drug (risperidone or aripripazol) at low doses was considered.
Evaluation Scales
In order to provide information to assess the baseline behavior of patients, they were evaluated with the Mullen scale for neurodevelopment, the Aberrant Behavior Checklist (ABC scale, completed by parents and teachers), and quality of sleep and quality of life scales before starting the trial. These were preformed again after treatment.
Once the treatment was started, telephone contact was established weekly for five weeks and then every month for three months. Parents or caregivers had a contact e-mail address for enquiries. Adverse events were registered, and if any serious adverse effect was observed, the patient was withdrawn from treatment while continuing in the study.
Data Collection
• The following tests were performed in all patients before inclusion in the study: a) Video EEG b) EKG c) Blood cell count (BCC), liver function including bilirubin and enzymes, basic biochemistry analysis, including calcium, phosphorus, alkaline phosphatase, 25-dihydroxycholecalciferol, and IGF-1 d) Fasting salivary cortisol (obtained during the first hour after awakening in the morning) • Data collection pre-treatment included: 1) Questionnaire for parents documenting patient clinical history and noting of any problems or concerns.
2) Specific record of the absence or existence of family history of mental disorders.
3) Behavioural assessment by ABC at school during the last month prior to the study. 4) Sleep problems referred by the parents through a quality of sleep questionnaire one month prior to the study. 1) ABC post-treatment questionnaire, quality of life questionnaire, and Mullen and Vineland scales were obtained 3 months after treatment onset. These values were compared with the ones pre-treatment for each Patient using the Pearson product-moment correlation.
2) EEG, EKG, BCC, liver function, including calcium, phosphorus, alkaline phosphatase, 25-dihydroxycholecalciferol, and IGF-18. Salivary cortisol was measured again 3 months after study onset.
Cortisol Levels in Saliva
Saliva samples were obtained by a cotton ball wetted in the patient's mouth at 8 am upon awakening, after 8 hours fasting. To minimize bias due to multiple technicians and to reduce cost and time, all samples were processed at the same time, with the same machine as previously described elsewhere [31] . Samples were kept in the refrigerator until testing. Although cortisol levels in saliva have already been correlated with blood cortisol levels [31, 32] , samples from 2 healthy children and one healthy young adult were also obtained (data not shown).
Results
Although this study was proposed to 15 patients, only 11 families agreed to participate. All 15 children met inclusion criteria and none of them presented any of the exclusion criteria. The main reason for declining participation was dealing with antidepressant drugs. Also, families would rather cope with mood tantrums or occasional brief sad mood periods than add a new drug to their children's lives.
No serious adverse reactions such as seizures or serotonin syndrome were observed.
Three of the 11 patients did not complete the neuropsychological evaluation due to traveling issues (they lived far from the center, with difficult transport options). The other eight patients completed the tests in the established periods, although increasing dosage was only completed by four of them. Among these, only two (one patient with venlafaxine and another with citalopram) completed the 3 month trail, albeit with mild side effects.
Differences before and after treatment in ABC, quality of sleep and life questionnaires, and Mullen and Vineland score results were not statistically significant. Table  2 shows the statistical correlation (between Vineland scale scores before and after intervention).
Video EEG and EKG before and after treatment remained stable, and so did the rest of the biochemical pa-rameters in blood. Blood cell count, liver function, ionogram, calcium, phosphorus, alkaline phosphatase, 25-dihydroxycholecalciferol and IGF-1 remained within normal limits both before and after treatment, without significant changes. Table 3 summarizes Cortisol laboratory workup.
Effects of Venlafaxine
Five of the eight patients who completed the study received venlafaxine. They were younger than 12 years old, with a predominantly anxious mood.
No major behavior changes were observed, but one patient presented a strange and inappropriate look, as if she was experiencing some frightening vision, after the first dose of venlafaxine. This facial expression disappeared a few hours afterwaragain. The patient completed the study without pharmacological treatment. Three more patients showed a "decrease inenergy" in their everyday activities, as expected, so venlafaxine was also discontinued.
Effects of Citalopram
Only one of the eight patients who completed the study (aged 26 years old, with predominance of depression mood) received citalopram. She initially presented a slight worsening of appetite, but then showed, progressively, a slight improvement of her self-aggression movements.
New Generation Neuroleptics
Two of the eight patients who completed the study were on risperidone at the moment of the study onset, and this treatment was not modified; only one patient needed to slightly increase the dose due to increased anxiety, with a good clinical response.
Cortisol Levels in Saliva
At least four patients showed a decrease in saliva cortisol levels one month after treatment, although this was not statistically significant ( Table 4 and Figure 1 ).
Basal cortisol levels for patients 3 and 8 could not be tested because of insufficient saliva sample. This information was only obtained at the end of the study due to the laboratory technique, as explained in 2.5.
Except for patient 4, who only received one dose of venlafaxine, and patient 1, who did not modify her treatment with risperidone, the rest of the tested patients (4 patients) presented a decrease in cortisol levels in saliva one month after treatment onset.
Discussion
Mood and behavioural problems are among the most anguishing issues for families of children with cognitive disabilities. They are hard to manage, and response to pharmacological treatment is not always as good as expected. Sometimes, a drug may work for a while and later on become less effective. If a biological marker could help measure anxiety or mood troubles, it would be easier to evaluate the effect of the different neuropsychiatric drugs on patients. This is especially appropriate in the case of Rett children, who also present limitations in verbal language.
Although none of the 15 selected patients presented exclusion criteria for this study, when told what type of drug was going to be tested, some parents rejected their participation. Also, the fact that it was a pilot study for these SSRI and NSRI drugs (albeit previously used to treat children), was another for declining the invitation.
Low doses of SRI were chosen to start with, in order to avoid potential undesirable effects, but as caregivers did not see a significant improvement, or even a "loss of energy" attitude, some withdrew administration. It is possible that if titration had been faster, positive effects would have been shown.
The alteration of facial expression referred by the family of patient 4 could be interpreted as a greater sensitivity of some Rett patients to some psychoactive drugs, as observed for methylphenidate. This patient is now on risperidone, with improvement in her behaviour. 
Evaluation Scales
One of the main issues in this study was how to measure behavior. Many of the behavioural problems related to Rett syndrome and in general to children with severe cognitive disabilities interfere with the evaluation of their mental abilities. Attention difficulties, hyperactivity, sensorial deficiencies, and poor performance due to social disturbances or limited understanding of the task may lead to underscoring of their skills, especially when testing in an unfamiliar context [33] . It is also important to consider that many of the tests which are used to measure cognitive abilities show a marked "ground effect" when direct scores are converted to standardized scores based on data for normative samples, which makes it even more difficult to obtain an estimation of the real abilities of these children. Also, while most cognitive tests do not measure cognitive functions under four standard deviations below the mean scores, adaptative behaviour tests such as Vineland Adaptative Behavior Scale are powerful enough to measure up to five standard deviations below the media. This fact makes it difficult to establish realistic correlations between cognitive functions and daily functional behaviour with these children [34] . However, regarding this small group of children, among functional tests, Vineland scale seems to be more accurate than Mullen scale to evaluate global functions in these patients. Among other aims, the authors tried to identify the most suitable behaviour test to identify and measure mood disorders in RTT, and then use it as a semi-quantitative tool to evaluate clinical improvement after intervention. Both the Mullen and Vineland scales failed to show differences before and after treatment. This could be due to a lack of efficacy of the drugs at the chosen doses, but it is more likely that the tests are not sensitive enough to evaluate subtle changes in mood and behaviour. Indeed, mood and behavior depend on so many environmental factors that it remains extremely difficult to isolate them from the context.
Quality of Life and Quality of Sleep Questionnaires
Quality of life and sleep questionnaires were completed in order to evaluate possible changes in everyday life after treatment onset. However, quality of life answers depend also on the caregiver's mood and attitude towards the child's difficulties. In this small group of patients, the quality of life and sleep questionnaires failed to identify concrete mood problems: listening to the caregivers was found to be more effective to listen to which difficulties the parents identified than to devote time to completing the questionnaires. In contrast to the positive effects of desimipramine (a SNRI) on rats with Mecp2 mutations and RTT symptoms previously reported [35] , our patients' quality of life and sleep did not experiment significant changes.
Cortisol Levels in Saliva
Cortisol levels in saliva seemed an apt biochemical marker of stress in these children, as this allowed avoiding venous punctures in children with cognitive disability. However, some small difficulties were observed: to prevent children from swallowing the cotton ball, a thread was inserted to hold it while the child chewed it. Sometimes children would chew it properly, but others would keep it almost dry. Given that all samples were analyzed at the same time, it was not possible to obtain a proper baseline sample of the two patients who initially did not produce enough saliva.
Although not statistically significant, there was a tendency of cortisol to show a decrease in venlafaxine greater than that of risperidone.
No correlation could be established between age and the effects of the two drugs, although the oldest patient, who presented a more depressive phenotype, is the one who presented a slight clinical improvement (not statistically significant); no correlation could be established with the genotype, given the small size of the sample and the absence of significant differences before and after treatment.
To conclude, serotonin reuptake might be impaired in RTT, as experimental studies have demonstrated, but the clinical effects of venlafaxine (SNRI) and citalopram (SSRI) in RTT patients were not clinically relevant in this small group.
An important limitation of this study was the small size of the sample. Future studies should involve larger samples and longer trials in order to increase reliability and generalization of the findings and yield more realistic results.
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